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(54) MANUFACTURE OF BATTERY 

(57) Abstract: 

PURPOSE: To suppress deterioration of a 
charge/discharge capacity and a load characteristic 
by performing corona discharge treatment in a 
collector surface prior to applying electrode 
compound slurry. 

CONSTITUTION: Metal foil 1 for positive or negative 
electrode collectors is supplied from a reel 6a. In 
a corona discharge electrode 2, a surface of the 
metal foil 1 supplied from the reel 6a is corona 
discharge treated. A corona discharge is performed 
in orinary moisture at an ordinary temperature. In a 
coater 3, electrode compound slurry 4 is applied by 
a fixed thickness to the corona processed surface of 
the metal foil 1, to make the foil pass through a 
drying furnace 5. A solvent in the slurry 4 is 
removed to dry the slurry. Thereafter, the foil 1 is 
wound to a reel 6b. The electrode compound slurry 
is concretely a mixture of carbon, poly fluoride 
vinylidene and N-methyl pyrolidone. By an active ion 
kind generated by a discharge, a contamination layer 
left on a surface layer is removed, and a polarity 



group of -COOH, >C=0, -OH, etc., is created in the 
surface. A binder is nitrile butadiene rubber and 
the like. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



[Claim 1]A manufacturing method of a cell preceding with spreading in a 
manufacturing method of a cell dried and manufactured after applying an 
electrode compound slurry to a charge collector which consists of metallic foils, 
and carrying out corona discharge treatment to a collector surface. 



CLAIMS 



[Claim(s)] 





[Detailed Description of the Invention] 
[0001] 

[Industrial Appl icat ion] This invention is applied, for example to manufacture of 
a rechargeable lithium-ion battery, and relates to the manufacturing method of a 
suitable cell. 
[0002] 

[Description of the Prior Art] It had applied without pretreating conventionally 
the paint which contained the electrode active material in the charge collector 
for an anode or for negative electrodes at all when manufacturing a rechargeable 
lithium-ion battery. 

[0003]However, in the charge collector produced with this manufacturing method, 
as shown in the model figure of drawing 6 , the adhesive property of the charge 
collector 27 and the active material 26 was bad, natural detachment arose in the 
adhesion interface during high temperature preservation and repetition charge- 
and-discharge use, and there was a problem of causing degradation of service 
capacity and aggravation of a load characteristic. 

[0004]This invention is made in view of such SUBJECT, and it aims at obtaining 
the manufacturing method of the cell which can suppress small degradation of 
charge-and-discharge capacity, and degradation of a load characteristic in use 
of repetition charge and discharge. 
[0005] 

[Means for Solving the Problem]As a manufacturing method of a cell of this 
invention is shown, for example in drawing 1 , after applying the electrode 
compound slurry 4 to a charge collector which consists of the metallic foil 1, 
in a manufacturing method of a cell dried and manufactured, it is preceded with 
spreading and carries out corona discharge treatment to a collector surface. 
[0006] 

[Function] In the manufacturing method of the cell which according to the 
manufacturing method of the cell of this invention is dried and manufactured 
after applying the electrode compound slurry 4 to the charge collector which 
consists of the metallic foil 1, In use of repetition charge and discharge, 
degradation of charge-and-discharge capacity and degradation of a load 
characteristic can be small suppressed by preceding with spreading and carrying 
out corona discharge treatment to a collector surface. 
[0007] 

[Example]Hereafter, I will explain, referring to drawing 1 - drawing 5 for one 
working example of the manufacturing method of this invention cell. 
[0008] Drawing 1 shows the process of the manufacturing method of this example 
cell in model, 1 is a metallic foil for using as a charge collector of an anode 
or a negative electrode here. 

This metallic foil 1 is supplied from the reel 6a. 

The speed of supply was made into 20 cm/s. 2 shows a corona discharge electrode. 
Corona discharge treatment of the surface of the metallic foil 1 supplied from 
the reel 6a is carried out. 

Corona discharge was performed under ordinary temperature normal relative 
humidity. To the same surface of metal, this corona treatment was wound 3 times, 
was ****(ed) and went. 3 is a coating machine. 

The electrode compound slurry 4 is applied to fixed thickness on the surface of 
the metallic foil 1 by which corona treatment was carried out. 

By next passing through the drying furnace 5, the solvent in the mixture slurry 



5 is removed and a slurry dries this applied metallic foil 1. Then, the metallic 
foil 1 is rolled round by the reel 6b. 

[0009] the electric system of the corona discharge treatment apparatus (Kasuga 
Electric Works HFSS-103) used by this example — an outline — it is as follows 
(refer to drawing 2 ). The gap between the corona discharge electrodes 2 was 5 mm, 
A 40-kV thing was used for the potential difference between this corona 
discharge electrode 2. A 30-kHz thing was used as RF generator 7. Dielectrics 
coating was installed in both both [ one side or ] 2. The derivative tunic was 
combined with the electric capacity between the electrodes 2, and the thing with 
an impedance dielectric constant suitable for corona discharge was used. 
Specifically, ceramics, silicon, etc. were used. The ground portion was set as 
the forging roll die for continuous processing. 

[0010]Since it is difficult to survey the current which flows between electrode 
gaps, it will express with the consumption (injection) electric power of a 
primary side RF generator. When the dose of working example was expressed with 
power consumption, it was 2400kW/m 2 , and it was 0. 05 second passing the 
irradiation time at this time once. As a dose range, 3O0kW/m 2 - 8000 kW/rn 2 are 
suitable. Sufficient chemical change does not arise in case of below 300 kW/m 2 . 
On the other hand, the dose more than 8000 kW/m 2 is because it is difficult to 
acquire a high current actually. 

[0011]The electrode compound slurry used by this example is a mixture with the 

solvent of an active material (or active material support particles), a binder, 

and a binder. Specifically, it is based on the following presentations. 

Carbon (particle diameter of 20 micrometers) 90 weight section Polyvinylidene 

fluoride (molecular weight 150000) 10 weight-section N-methyl pyrrolidone What 

mixed these 90 weight section was applied to the metallic foil with the doctor 

blade. 

[0012]Next, the corona discharge treatment of the metallic foil examined how the 
adhesive property of an active material and a metallic foil would be improved. 
The corona discharge treatment apparatus used by this example is the same as 
what is used for the surface treatment of the base film of magnetic tape, or the 
processing before printing of the plastic surface which is generally hard to 
print. 

The contamination layer which remains in the surface layer with the activity 
ionic species by which it was generated by discharge can be removed, or polar 
groups, such as -C00H, >C~0, and -OH, can be generated on the surface. 

[0013] Although rolling oil is used for cooling at the time of rolling, or 
reducing friction, the metallic foil surfaces (Cu, aluminum, nickel, etc.) used 
as the electrode collector used for a cell, This is considered that the fluid 
oil 11 good in addition to partial 12 strongly combined with the surface of 
metal and the dirt 10 which exists weaklier have covered the surface as shown in 
drawing 3 . 

[0014] 11 and 10 are called what is called weak boundary layer, and they become 
damage as what weakens adhesive strength. Although 12 is strongly combined to a 
surface of metal, since it is the residue of an oil, surface energy is low, and 
this serves as damage, when making large adhesive strength profitably like. 
There is always no 10 from anywhere as a pollution source, and 11 generates it, 
although it can be washed by the organic solvent, or it volatilizes with the 
heat of annealing and it can remove. 



[0015]Since an operation of the ionized atmosphere decomposes the molecule which 
constitutes a weak boundary layer like 10, volatilization dispersion of the 
corona discharge treatment is carried out. It acts also on the layer of 12 and a 
polar group like -C00H, >C=0, and -OH is made to generate. 

[0016] Such a surface change is observed in the form of increase of surface 
tension, and reduction of the smeared angle. The result of the experiment which 
we conducted was actually summarized in Table 1. It of pure water was used for 
the angle (angle of contact of water) with which Table 1 is smeared. The method 
of Zismann estimated solid surface tension as critical surface tension. 
[0017]As shown in Table 1, the same result also as copper foil and aluminium 
foil was obtained. That is, when both metallic foils carry out corona treatment, 
compared with the case where it does not carry out, the angle of contact of 
water becomes small, and critical surface tension is large. By carrying out 
corona treatment from this result, it can guess that the adhering capacity of a 
surface of metal has been improved. 
[0018] 
[Table 1] 
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[0019]The proof of the chemical operation over a metallic foil surface was 
examined by X-ray photoelectron spectroscopy (ESCA) . As a result, if 01 second/C 
Is is compared, compared with what what carried out corona treatment does not 
carry out, the value of 01 second/C Is is large. 

What polar groups, such as -C00H based on oxidation, >C=0, and -OH, are 
generating as mentioned above is conjectured. 

[0020]Next, in order to evaluate the effect over adhesive strength, the negative 
electrode mixture slurry was applied to the copper foil which carried out corona 
treatment, and peel strength was measured after desiccation. Peel strength was 
measured also about the unsettled thing for comparison. 

[0021]The peel strength examination was done by the process as shown in drawing 
4 based on JIS K6854 "the peel adhesion test method of adhesives. " 
[0022]First, the sample for peel strength measurement is prepared. That is, a 
negative electrode mixture slurry is applied to the copper foil which carried 
out corona treatment, or the copper foil which has not carried out corona 
treatment, and it dries (refer to drawing 4 A ) . 

[0023]Next, the adhesive tape 16 is stuck on the electrode compound 15 side of 
this sample (refer to drawing 4 B) . 

[0024]Next, the portion to which the adhesive tape 16 has not stuck among this 
sample is cut off, and width of a sample is made the same as the width of a tape 
(refer to drawing 4 C) . 

[0025]Next, the strength in which an adhesion side separates is measured by 



pulling the adhesive tape 16, fixing these sample tapes to a jig (refer to 
drawing 4 D ) . Here, the strain gage performed measurement of strength, 
[0026] In order to evaluate the effect over adhesive strength, it inquired by 
another method further. That is, a negative electrode mixture slurry is applied 
to the copper foil which carried out corona treatment, and a dipping is carried 
out to an electrolysis solution after desiccation. Temperature conditions were 
kept at 60 **, and after three months passed, the desquamative state of the coat 
was observed by viewing. 

[0027]The result of a peel test and the result of an electrolysis solution 
immersion test are as being shown in Table 2. As shown in Table 2, compared with 
what what carried out corona treatment does not carry out, peel strength is high 
with 20 gr(s)/mm to 30 gr(s)/mm. In an electrolysis solution immersion test, 
coat exfoliation was not observed about what carried out corona treatment. These 
results also show that adhesive strength has improved by corona treatment. 
[0028] 



[Table 2] 
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[0029]Next, the cell was produced using the metallic foil which carried out 
corona treatment mentioned above, and the cycle characteristic was investigated. 
The result is as being shown in drawing 5 . As shown also in a figure, what 
carried out corona treatment had high Energy Density compared with what did not 
process, and it was 83% which incidentally is not being processed in 100 repeat 
frequency to it being 85% which carried out corona treatment. From this result, 
it seems that the improvement in the adhering capacity by corona treatment led 
to improvement in a cycle characteristic. 

[0030]The binder blended with the electrode compound slurry, The same effect was 
acquired even if replaced with nitril butadiene rubber (NBR) , styrene butadiene 
rubber (SBR) , an ethylene propylen dien monomer (EPDM) , polyurethane, polyester, 
polyether, and polytetraf luoroethylene. The effect was the same even if it 
replaced electrode particles with graphite, pitch coke carbon, hard carbon, soft 
carbon, LiNi0 2 , and LiMn 2 0 4 . 

[0031] According to this example, from the above thing, degradation of charge- 
and-discharge capacity and degradation of a load characteristic can be 
suppressed very small in use of repetition charge and discharge. Degradation of 
charge-and-discharge capacity and degradation of a load characteristic can be 
small suppressed under a severe condition which is neglected under an elevated 
temperature (for example, 60 **) over a long period of time, Fall of the coat in 
a battery assembly process is lost, and workability can be improved. 
[0032]As for this invention, it is needless to say that various composition can 
be taken in addition to this, without deviating from the gist of not only above- 
mentioned working example but this invention. 
[0033] 

[Effect of the Invention]As explained above, according to this invention, in use 
of repetition charge and discharge, degradation of charge-and-discharge capacity 



and degradation of a load characteristic can be suppressed very small. 
Degradation of charge-and-discharge capacity and degradation of a load 
characteristic can be small suppressed under a severe condition which is 
neglected under an elevated temperature over a long period of time. Fall of the 
coat in a battery assembly process is lost, and workability can be improved. 



